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Fermilab E’769, a fixed-target experiment conducted during the 1987-88 running period, 
yielded large numbers of charm particles. Through collisions of 250 GeV r*, K*, and p 
on a multifoil target, E769 allows for studies of beam flavor dependence in the hadropro- 
duction of charm. Through the decay modes D+ -+ K-x+r+, D$ + 4 x+, and Df -+ 
w*‘K+ (and charge conjugates), we have extracted D* and Df signals for all five beam 
types. We report preliminary measurements of the beam dependence of the absolute pro- 
duction cross-sections (for Feynman x > 0) of the D’ and D,f. 



QCD subprocess cross-sections for the cre- 
ation of cc pairs in high-energy parton interac- 
tions have been calculated perturbatively up 
to next-to-leading order (NLO). Convolution 
of these with the quark and gluon distribution 
functions of mesons and baryons allows for cal- 
culation of the total rate of charm production 
in hadronic collisions [l]. Fragmentation to 
particular charm final states, however, can- 
not be treated perturbatively, thus complicat- 
ing the calculation of hadroproduction cross- 
sections for charm particles. For example, en- 
hanced production in the forward hemisphere 
of particles which share a quark with the pro- 
jectile particle (the leading-particle effect) is a 
feature of some phenomenological models [2,3] 
and indeed has been observed at levels not at- 
tributable to the underlying perturbative pro- 
cess of charm quark production [4-61. 

Fermilab experiment E769 has collected a 
data set well-suited to the study of these ef- 
fects. About 400 million physics events were 
recorded at the Tagged Photon Spectrometer 
during the 1987-88 fixed target run. Electro- 
magnetic and hadronic calorimetry provided 
the transverse energy trigger used to enhance 
the charm content of the set of events written 
to tape. A differential Cerenkov counter and 
transition radiation detector provided identi- 
fication of the five 250 GeV secondary beam 
particles (a*, K*, and p), enabling studies 
of beam flavor dependence in charm produc- 
tion. Tracking and identification of charged 
secondary particles were achieved using an ll- 
plane silicon microstrip vertex detector, 2 an- 
alyzing magnets, 35 drift chambers, 2 multi- 
wire proportional chambers, and 2 threshold 
Cerenkov counters. 

In this paper we report preliminary results 
on the beam flavor dependence of Df and D, 
meson production cross-sections for 5~ > 0. 
The D+ sample was obtained through the de- 
cay D+ -+ K-~F+K+, the D, through the 

two decays D$ --+ 4 K+ and 0: + ?T*‘Kf. 
Throughout this paper charge conjugate de- 
cays are also implied. 

Analysis cuts were chosen to optimizr: 
the statistical significance of Monte Carlo 
(FRITIOF 1.3, JETSET 6.3) signals over mea- 
sured backgrounds. Invariant mass plots for 
the D+ and D, for each of the five beam par- 
ticles are shown in Figures la and lb. Binned 
maximum likelihood fits using Gaussian sig- 
nals and linear backgrounds were used to de- 
termine the number of events in each decay 
channel. 

Acceptances were calculated from a Monte 
Carlo simulation of the experiment, which in- 
cluded the effects of the resolution, geometry, 
and efficiency of the spectrometer components, 
efficiencies associated with the event trigger 
and data acquisition system, and all analysis 
cuts. For each beam particle type, D+ Monte 
Carlo events were weighted in XF and p$ so as 
to match the measured distributions in these 
variables. Our preliminary measurements of 
the D+ and D, production cross-sections are 
listed in Table 1. Errors quoted for the Det 
are statistical and systematic, in that order; 
only statistical errors are shown for the D,. 
Branching fractions from the 1992 Review of 
Particle Properties [7] were used; their errors 
are not included. 

Most previous measurements (see Figures 
2 and 3, also Table 1) of Df and D, cross- 
sections have been obtained with rr- and p 
beams, although low-statistics K- beam re- 
sults do exist [B-11]. E769 provides the first 
measurements of 7r+ and Kf induced charm 
meson production as well as significant ad- 
ditional measurements for x- , K-, and p 
beams. 

For both the D+ and D,, no significant 
differences in beam particle and antiparticle- 
induced cross-sections are observed. Also con- 
sistent with being equal are the K and K in- 
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duced cross-sections, suggesting that the gluon 
distribution functions of the two mesons are 
similar. Additionally, we find that fragmenta- 
tion of charm to D, is not greatly suppressed 
with respect to D + at this energy. In Figures 
2 and 3, respectively, E769 results for K- and 
p induced D+ production are displayed along- 
side previous measurements. Assuming a con- 
stant Dt fragmentation rate, the energy de- 
pendence of Df production can be compared 
to the theoretical predictions for all charm, as 
shown in the figures. 
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Table 1: Forward D* and D,f production cross-sections (pb/ nucleon). Each given cross section is the 
sum of those for the final state particle and anti-particle. Errors quoted are statistical and systematic, 
in that order; only statistical errors are shown for E769 D, results. The following PDG 1992 branching 
fractions were used to obtain cross-sections from E769 measurements: B(D+ --t K-xtnt) = (8.0 ‘_“,I:) 
%, B(Df --e 4 T+) = (2.8 f 0.5) %, and B(D$ --+ K*K+) = (2.6 f 0.5) %. 

Beam particle u(BN --+ D*X, ZF > 0) 

(B) E769 (preliminary) 
u(BN --+ DfX, Z,T > 0) 

Previous measurements E769 (preliminary) Previous measurements 

A- 3.8 f 0.3 f 0.2 see Figure 2 1.9 f 0.4 1.7 It 0.3 f 0.3 

iT+ 

(A~~MOK ~~32 fs 230 G~V) 

3.9 zk 0.4 Yk 0.4 2.9 + 0.9 

K- 2.8 31 0.5 +z 0.8 4.1 f 1.0 f 0.3 3.5 f 1.3 2.8 f 1.5 zk 0.5 
(ACCMOR ~~32 B 200 G~V) 

K+ 
(A~CMOR ~~32 Q 230 G~V) 

3.1 i 0.4 i 0.4 2.8 f 1.1 

I P 2.9 Tk 0.4 zt 0.2 see Figure 3 < 1.9 (90% C.L.) 



Fig. 1 a, Invariant mass distributions for 
D’ + K-n’n’ (+ c.c.). 
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Fig. 7 b, Invariant mass distributions for 

D+, D,’ + p7~+ or TT’” K+ (+ cc.). 
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fig. 2, Measurements of a(n-N + D*X, xF > 0). 
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Fig. 3, Measurements of a(pN -+ D*X). E769 result is for x > 0; 
Other cross-sections shown are 50% of results for aIlk,. 
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